Effect of caffeine on some selected biochemical parameters using rat model was investigated. Standard methods of analysis were used for the study. A total of sixty (60) rats divided equally into five groups of which one group served as the control, and the rest as test groups were used. The test rats were placed on different concentrations of caffeine for twenty-eight (28) days. Results obtained for the selected biochemical parameters revealed that AST and ALT levels of the liver increased significantly ( < 0.05) in test rats against the control. Creatinine and electrolyte ions of the kidney increased significantly ( < 0.05) in test groups when compared to the control. Haematological indices such as WBC, monocytes, lymphocytes, MCV, MCHC, and MCV levels were significantly altered ( < 0.05) in test rats against those of the control. It therefore becomes imperative for those that consume caffeine with believe that it does more good work than harm to take note of these findings. This study has revealed the effect of caffeine on some selected biochemical parameters using rat model.
Introduction
It is on record that so many bioactive compounds found in plants have been useful to both plants and animals [1] [2] [3] [4] [5] [6] [7] [8] . Some of these useful compounds have been industrially synthesized and used in different ways to meet up with the supposed effects of the natural form of the compounds in living organisms. Records have it that the productions of most consumable products are done with the naturally extracted products of these compounds or their synthetic analogue. Natural compounds found in plants or their synthetic forms, for instance, are the basis of modern pharmacopeia [9] .
Since ages past, caffeine has been among such bioactive compounds with the quality of being used in its natural or synthetic form [6] [7] [8] [9] [10] [11] . Caffeine (chemically, 1,2,3-trimethylxanthine) is a white crystalline xanthine alkaloid, which is bitter in taste [4, 5] . It is an alkaloid compound naturally found in tea leaves, cocoa beans, nuts such as bitter kola and kola nut, and fruits of more than sixty plants [5, 6] . Industrially, extract of caffeine is used in the production of soft drinks, coffee, and tea and in some processed foods [12] [13] [14] [15] . In medicine, it is chiefly a psychoactive drug used for nervous system stimulation [16] . Nawrot et al. [9] noted that caffeine is probably the most frequently ingested pharmacologically active substance in the world, found in common beverages (coffee, tea, and soft drinks), products containing cocoa or chocolate, medications including headache or pain remedies, and over-the-counter stimulants [17] . The wide use of caffeine in productions and its increasing world consumption could be the reason why little or no effort has been made to set aside the existing controversy surrounding the conflicting results generated by the use of variable forms of caffeine and experimental methods towards the study of its possible toxicity [18] .
Despite the report of Pearson and Nadeau [18] , who noted the physiological effects of caffeine in rat and extracellular 2 Advances in Biology cyclic AMP status, growth pattern, and glucose metabolism in adipose tissue, different school of thought still believes that caffeine does more beneficial work than harm in living organisms. The present study aimed at setting aside the controversies surrounding the toxicity of caffeine in living organism and investigated its effect on some selected biochemical parameters using rat model.
Materials and Methods

Procurement and Preparation of Caffeine Sample.
Caffeine sample used in this study was procured from Nigerian breweries PLC, Aba Depot, Nigeria. Doses of caffeine prepared and used for this study were 50 mg/kg, 100 mg/kg, 190 mg/kg, and 300 mg/kg body weight (BW) of rats.
Experimental Animals and Research Design.
A total of sixty (60) male albino rats of Wistar strain weighing between 100 and 130 g were purchased from animal colony of the Department of Biochemistry, Abia State University, Uturu, Nigeria, and kept in standard cages for 7 days to enable them acclimatize to their new environment. Pelletized commercial rat feed (Pfizer livestock Co. Ltd., Aba, Nigeria) and potable water were given to the rats ad libitum within this period. The study was approved by the Animal Welfare and Ethics Committee of Rhema University, Aba, Nigeria, with the reference number (RHEMA/DEC/BCH/001). All conditions of animal use were adhered to as obtained from National Institute of Health (NIH) Guide for Care and Use of Laboratory Animals [19] . After acclimatization period, the rats were allocated to five groups of twelve rats each designated as control group and groups I, II, III, and IV. Groups I-IV served as the experimental test rats. The weights of the rats were equalized as nearly as possible. The rats' treatments lasted for twenty-eight (28) days.
The treatments given to the rats are stated as follows:
Control group: normal saline + feed + water 
Serum Assay.
The serum assays undertaken were those of liver and kidney function tests. The level of alkaline phosphatase (ALP) was determined by the method of Write et al. [20] . Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were determined as described by Reitman and Frankel [21] . The assay of bilirubin both total and conjugated was carried out using the method of Jendrassik and Groff [22] . Urea estimation was done using UreaseBerthlot method. Potassium ion was determined by direct spectrophotometric method. Bicarbonate was determined using Forrester et al. [23] method. Creatinine was estimated using the method described by Heinegård and Tiderström [24] . Sodium ion and chloride ion levels were determined according to the instructions on their diagnostic kits purchased from Randox laboratories (UK).
Haematological Analysis.
The autoanalyzer machine was used for hematological analysis. The blood samples contained in the anticoagulant tubes were swirled/rolled on the blood roller each for five seconds and then opened and put under the probe of the autoanalyzer. The probe then collected the blood from the tubes for about 10 seconds and entered back into the haematology machine. The result was then printed a few seconds later, giving the parameters white blood cells (WBC), red blood cells (RBC), haemoglobin (Hb), lymphocytes (LY), monocytes (MO), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC). PCV was estimated using microhaematocrit methods as described by Alexander and Griffiths [25] .
Statistical Analysis.
Results were presented as mean and standard deviations of triplicate determinations. Group comparisons were done using the least significant difference (LSD). Significant difference was established at 5% level as described by Onu and Igwemma [26] .
Results and Discussion
Toxic materials cause peroxidative degradation in the adipose tissue resulting in infiltration of the hepatocytes [27, 28] . Results of serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) as presented in Figures 1 and 2 , respectively, revealed significant increase ( < 0.05) of the enzymes in test groups against the control group. It has been reported that tissue damage is usually associated with the release of enzymes specific to the affected tissues or organs in circulation [29, 30] . According to Uboh [31] cell derived enzymes have high activity in the cells and only spill into the plasma when the cells are damaged or enzymes produced in excess. According to Ranjna [32] , both AST and ALT enzymes are excellent markers of liver damage caused by exposure of liver to toxic substances. However, ALT is more specific liver enzyme for diagnostic use when the integrity of the hepatocellular membrane is compromised [33] . The increased transaminase levels of test rats against the control as observed in the present study could be linked to consumption of caffeine. The mechanism behind the enzymes leakage could be linked to the peroxidative effect of caffeine in fatty liver tissue in rats as reported by Dianzani et al. [34] . This observation is in line with the works of Casiglia et al. [35] and Manne and Saab [36] . The significant increase in ALT activity among test groups as observed in the present study could be evidence of hepatotoxicity cause by caffeine. According to Uboh [31] , alkaline phosphatase (ALP) occurs in the liver next to bile ducts and in the bone. It leaks to the blood stream in a manner similar to that of ALP and AST and has been associated with the prostate [37] . ALP levels of the present study followed a decreasing order when compared to the control. The observed decrease was significant ( < 0.05) in test groups against the control (Figure 3 ). This observation is in line with earlier works of Urgert et al. [38] and Fried [39] that reported similar decrease in rats placed on filtered and unfiltered caffeine but not in line with the observation of Salahdeen et al. [40] . It has been hypothesized that liver enzymes are a target for caffeine or other components of coffee [37] . Apart from the total bilirubin level of group I (50 mg/kg BW), bilirubin levels for other test groups (both total and conjugated) were significantly ( < 0.05) reduced when compared to the control in this study (Figures 4 and  5) . However, since the levels were within bilirubin acceptable range of 0.2-1.2 mg/dl, the observed decrease is too small and could not be linked with cholestatic disease [41] . The observed decrease in bilirubin levels in the present study agree with the earlier work of Aloy-Amadi et al., [42] who reported a decrease in bilirubin levels following intake of strong unfiltered coffee. Different authors have noted that assessment of levels of excretory metabolites such as electrolyte, urea, and creatinine can be used to evaluate renal function [43, 44] . Urea is the main end product of protein catabolism [45] . Amino acid deamination takes place in the liver, which is also the site of urea cycle where ammonia released is converted into urea and is excreted through urine [43, 46, 47] . Urea varies directly with protein intake and inversely with the rate of excretion [44] . According to Ranjna [32] , renal diseases which diminish the glomerular filtration lead to urea retention. Creatinine is a waste product of muscle by creatine metabolism. Its retention in the blood is evidence of kidney impairment [46] . The observed increase in urea ( Figure 6 ) and creatinine ( Figure 7 ) levels showed significant change ( < 0.05), when compared to control group. This increase suggests that renal function was compromised following the administration of caffeine. The levels of sodium ( Figure 8 ) and potassium ( Figure 9 ) ions increased significantly ( < 0.05) in test groups when compared to the control group. The observed increase could mean an effect on both sodium ion and potassium ion pumps of test rats, which could be linked to caffeine administration. The observed increase in sodium ion is in line with the earlier works of Geethanvani and Rameswarudu [48] ; Armstrong [49] ; Armstrong et al. [50] ; and Alves et al. [51] . The increase observed in potassium ion in the present study is in line with the work of Armstrong et al. [50] but does not agree with the earlier works of Shirley et al. [52] and Passmore et al. [53] . The use of serum chloride ( Figure 10 ) and bicarbonate ( Figure 11 ) ions to assess renal functions cannot be overstated. The significant increase ( < 0.05) in serum chloride and bicarbonate ions following administration of caffeine at various doses in test rats against the control could be indicative of tubular and glomerular dysfunction.
Assessment of haematology is of diagnostic importance in the routine clinical evaluation of the state of health [54] . It explains the blood relating functions of consumed substances Duru et al. [29] . Yakubu et al. [55] noted that assessment of haematological parameters cannot only be used to determine the extent of deleterious effect of extracts on the blood of an animal, but it can also be used to explain blood relating functions of a plant extract or its products. The observed significant increase ( < 0.05) of WBC ( Figure 15 ) in test rats when compared to the control could be a clear indication of normal reaction of rats to foreign substances, which alter their normal physiological processes. WBC production known as leukocytosis observed in this study indicates a stimulation of the immune system by the caffeine, which may have protected the rats against any chemical and secondary infection. It has been noted that leukocytosis may be directly proportional to severity of the causative stress condition and may be attributed to an increase in leucocyte mobilization [56, 57] . Monocyte ( Figure 16 ) and lymphocyte ( Figure 17 ) levels of test rats increased significantly ( < 0.05) against the control. This could be attributed to the stimulating effect of the administered caffeine. The significant reduction ( < 0.05) observed in RBC ( Figure 12 ) levels of test rats against the control may be an indication that the balance between the rate of production (erythropoiesis) and destruction of the blood corpuscles was altered. The reduction in PCV (Figure 14 ) of test rats against the control as observed in the present study could be attributed to its relationship with Hb ( Figure 13 ) in blood [30] . According to Adebayo et al. [56] ; Adebayo et al. [58] ; and Duru et al. [29] , MCV, MCHC, and MCH are related to individual red blood cells. MCV (Figure 18 ), MCHC ( Figure 19 ), and MCH ( Figure 20 ) levels increased significantly ( < 0.05) in test rats against the control. The observed increase could mean that incorporation of haemoglobin into red blood cells, the morphology, and osmotic fragility of red blood cells were altered. Hassan et al. [59] and Keele et al. [60] attributed change in MCH and MCHC to normocytic or hypochromic anaemia. Such anaemic conditions may be possible with consumption of caffeine, since the MCH, MCV, and MCHC levels of the test rats were significantly altered in the present study. Result obtained for body weight studies (Table 1 ) showed significant ( < 0.05) reduction in weight gain and % weight gain of test rats against those of the control. According to 6 Advances in Biology Values with different letters of alphabet along the same row are statistically significant at 5% level. Yehya [61] , caffeine stimulates weight loss by increasing the sympathetic tone of various resting tissue beds, notably fat. This observation is in line with the works of Zheng et al. [62] ; Cheung et al. [63] ; Muroyama et al. [64] ; Choi et al. [65] ; Han et al. [66] ; Naismith et al. [67] ; and Würzner et al. [68] , who noted that consumption of caffeine has been associated with decrease in body weight of rodents.
Conclusion
Observations of the present study revealed severe effect of caffeine when administration to rats on liver, kidney, and haematology indices. It also affected their body weight. These observations are in line with some previous studies. There is need for those that consume caffeine with believe that it does more work than harm to take note of these findings.
